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© Use of potassium-channel activators for the manufacture of a medicament for the treatment of 
gastrointertinal ulcers. 



© Ulcerative conditions of the gastro-intestinal tract, e.g., antiinflammatory-drug-induced ulcers, are treated or 
prevented by the administration of a potassium channel activator. Methods and combination products are also 
disclosed for the treatment of inflammatory conditions without causing ulceration of the gastrointestinal tract. 
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The present invention relates to a method for protecting against and/or treating ulcerative gastrointes- 
tinal conditions, including anti-inflammatory-drug-induced ulcers, employing a potassium channel activator 
(PCA), as well as to compositions, combinations and improved m thods for treating inflammatory con- 
ditions. 

5 Anti-inflammatory drugs, such as aspirin, indomethacin, ibuprofen, meclofenamate, naproxen, phenyl- 

butazone, piroxicam and various corticosteroids are effective in treating or controlling pain, including 
headache, and in decreasing joint swelling, tenderness, pain and stiffness in conditions such as rheumatoid 
arthritis. Unfortunately, although much anti-inflammatory drugs are effective in treating pain and inflam- 
matory conditions, they cause development of gastrointestinal ulcers thereby seriously limiting chronic use 

70 of these drugs. 

In accordance with the present invention, it has now been found that gastrointestinal ulcers are 
effectively treated using a therapeutic amount of a potassium channel activator (PCA). Additionally, it has 
been found that the incidence of antiinflammatory drug-induced gastric ulcers is substantially reduced when 
PCA's are administered with the antiinflammatory drug. Thus, PCA's can be used prophylactically in 
75 patients taking antiinflammatory drugs. This can be accomplished by administering a single combination 
dosage form or by the concomitant administration of a PCA and an antiinflammatory drug. Accordingly, 
combination products and improved methods of treating inflammation are also provided by the present 
invention. 

Any PCA can be used in the methods and compositions of the present invention. Preferably, PCA's 
20 which have little or no vasodilator activity in normal tissue, but which show an anti-ischemic effect in 
ischemic tissue, are preferred. 

Suitable potassium channel activators include those disclosed in U. S. Patent 4,057,636, especially the 

compound 

25 £ 

aN-CN CH 3 CH^ 
II ! / 3 
NH-C-NH-CH-C-CH 3 

30 V 

^3 , 

known as pinacidil; those disclosed in European Patent Application 0 274 821, especially the compound 

35 

£ 



40 



45 




CH 3 

known as cromakalim; nicorandil; minoxidil; compounds in copending application U. S. Ser. No. 661,763 
so filed February 27, 1991 having the formula 



55 
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R« a- 




10 



*s b 



wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are carbons; 
Ri is 



15 



20 



7 \ ✓ 8 

N 



R 9 -N 



NCN 



Rio- 



or 



*8 



■N 



*n N 



NCN 



25 



R 2 is hydrogen, hydroxy. 



30 



■OCCH 3 

n 



R 3 and FU are each independently hydrogen, alkyl or arylalkyl, or, R 3 and R* taken together with the 
carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 
35 R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylaikyl, -CN, -N0 2 , 
-COR, -COOR, -CONHR, - CONR 2 , -CF 3 . S-alkyl, -SOalkyl, -SOaalkyl. 



40 



O 

K 

P (O-alkyl);, t 1> 



-R 



halogen, amino, substituted amino, O-alkyl, OCF 3 . OCH 2 CF 3( -OCOalkyl, -OCONRalkyl, -NRCOalkyl and 
45 NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl. arylalkyl, 

cycloalkyl, or (cycloalkyl)alkyl; 

Rs is selected from H. alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 and Rs are each independently selected from hydrogen, alkyl, alkenyl, aryl (including phenyl 

substituted with R' and R" as defined below), (heterocyclo) alkyl, heterocyclo, arylalkyl, cycloalkyl and 
50 (cycloalkyljalkyl, substituted alkyl wherein the substituents include alkoxy, alkylthio and substituted amino, 

or R7 and Ra taken together with the nitrogen atom to which they are attached form 1-pyrrolidinyl, 1- 

piperidinyl, 1-azepinyl, 4-morpholinyl t 4-thiamorphilinyl, 1-piperazinyl, 4-alkyM -piperazinyl or 4-arylalkyM- 

piperazinyl, wher in ach of the so-formed groups can be substituted with alkyl, alkoxy, alkylthio. halogen 

or trifluoromethyl; 

55 Rs and Rio ar selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkyl; and 

n is 1 , 2 or 3; 
with the compound 



3 
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£1 



70 



NCN 




75 

(where R' and FT are independently hydrogen, cyano, alkyl, alkoxy, nitro, hydroxy, halo, haloalkyl, 
alkylthio, amino, -N(alkyl)2, -NHalkyl or benzyloxy with the proviso that at least one of R' and R" is other 
than hydrogen) 

20 being preferred; . M . 

compounds in copending application U. S. Patent 5.011,837 granted April 30, 1991 hav.ng the formula 



25 



30 



*2 



R 3 




5 



R4 



N-CN 

D 

NH-C-NHRi 



35 



40 



45 



and its possible tautomers 
221 



R 2 




R 4 



H-N-CN 
I 

N=C-NHR 1 



and 



50 



55 



R2 H-N-CN 



R 4 



4 
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wherein Ri is alkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, aryl, arylalkyl or cycloalkylalkyl; 
R 2 is -ON, -NO2, 

OO o 

H H II 

"~ CR «;, "C-ORc;, — C- amino. 



10 



O 

II _ . 

— Osubstituted amino. 



75 CFa or 



20 



<0>* 
II 



R 3 and Ri are each independently selected from -R 2 , hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, halo, 
alkoxy. -NHalkyl. -N-(alkyl>2. -S-alkyI, -O-arylalkyl. -S-arylalkyl or -S-aryl, -O-aryl. - NHarylalkyl, or Fb and 
R 3 taken together are a group which forms a ring with the two carbon atoms to which they are attached. 
25 which group is selected from 



30 



— S- (CH^) n -CH ? - 



o o 

II II 

— CX(CH 2 ) p CH 2 - 



:-CH 2 (CH 2 )pX- ; 



35 



wherein 

m = 1 or 2; 
n = 1-3; 
p = 0-2; 

X is O, NR 5 , CH 2 ; and, 
Rs is hydrogen or Ri ; 

compounds disclosed in copending patent application serial number 776,921 filed October 15, 1991 of 
the formula 



40 



45 



50 




wherein A can be -CH 2 -, -O-, -NR 9 -, -S-, -SO- or -SO2-, wh re Rs is hydrog n or lower alkyl of 1 to 4 
55 carbons; 

wherein X is oxygen or sulfur; 
Y is -NRs, -O-, -S- or 
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^10 
— CH-; 

Ri is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 



70 



-OCCH 3 
II 

O : 



R 3 and FU are each independently hydrogen, alkyl or arylalkyl, or, R 3 and FU taken together with the 
75 carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, -NOs, 
-COR, -COOR, -CONHR, - CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



20 



O 

11 

P (O-alkyl) 2 



O 

K 





R 


c- 


)n 



25 halogen, amino, substituted amino, O-alkyl. OCF 3 . OCH 2 CF 3 . -OCOalkyl, -OCONRalkyl, -NRCOalkyl and 
NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, arylalkyl, 
cycloalkyl, or (cycloalkyl)alkyl; 

Re is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 
R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 
30 n is 1, 2 or 3; and, 

Rio is hydrogen, hydroxy, alkyl or O-alkyl; and compounds in copending application Serial No. 745,563 
filed August 15, 1991 having the general formula 



35 



40 



45 



50 




wherein a, b and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are carbons; 
where X is oxygen or sulfur; 

R, is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo. cycloalkyl and (cycloalkyl)alkyl; 
R 2 is hydrogen, hydroxy, 



55 



-OCCH3 

ii 
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R 3 and FU are each independently hydrogen, alkyl or arylaikyl, or R3 and R4 taken together with the 
carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylaikyl, cycloalkylalkyl, -CN, -N0 2 , 
-COR, -COOR, -CONHR, - CONR 2s -CF 3l S-alkyl, -SOalkyl, -S0 2 alkyl, 



10 



11 

P (O-alkyl) , 



O 



75 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH2CF3, -OCOalkyl, -OCONRalkyl, -NRCOalkyl and 
NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, arylaikyl, 
cycloalkyl, or (cycloalkyl)alkyl; 

Re is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN and N0 2 ; 

R 7 is selected from hydrogen, alkyl, alkenyl, aryl, arylaikyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1, 2 or 3; and, 

compounds disclosed in copending application serial number 630,472 filed December 19, 1990 having 
the formula 



20 



25 



30 




wherein A can be -CH 2 -, -O-, -NR9-, -S-, -SO- or - S0 2 -, where R 9 is hydrogen or lower alkyl of 1 to 4 
35 carbons; 

wherein X is oxygen or sulfur; 
Y is -NRs , -0-, -S- or 



40 



no 



— CH-; 



45 



R1 is aryl, arylaikyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 



so 



■OCCH 3 

D 

O j 



R 3 and R+ are ach independently hydrogen, alkyl or arylaikyl, or R 3 and R* taken together with the 
carbon atom to which th y are attached form a 5-to 7-membered carbocyclic ring; 
55 R 5 is s lected from H. alkyl. haloalkyl, alkenyl, alkynyl, cycloalkyl, arylaikyl, cycloalkylalkyl, -CN, -NO2. 

-COR. -COOR. -CONHR, - CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -SCfealkyl, 
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I 

P( O-alkyl ) 2 



O 



4- 



-R 



70 



75 



20 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl and 
NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, arylalkyl, 
cycloalkyl, or (cycloalkyl)alkyl or haloalkyl; 

Re is selected from H, alkyl, halo, OH, o-alkyl, amino and substituted amino, O-alkyl, OCOalkyl, 
OCONRalkyl, NRCOalkyl and NRCOOalkyl, NRC0N(R>2 wherein R in each of the above groups can be 
hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, (cycloalkyl)alkyl or haloalkyl; 

R 7 and R« are each independently selected from hydrogen, alkyl, arylalkyl; 

or Ri and Rs, or R1 and R 7 , or R 7 and Rs taken together can form a 5- to 7-membered saturated or 
unsaturated ring, which may further include an aryl group fused to 2 carbon atoms of such 5- to 7- 
membered ring; 

n is 1, 2 or 3; and, 

R10 is hydrogen, hydroxy, alkyl or O-alkyl. 

Also suitable for use herein are compounds as disclosed in U. S. 4,988,723 granted January 29, 1991 
having the formula 



25 



30 




NGN 



35 wherein 

R 1 and R 2 are each lower alkyl; 

R 3 is hydroxy or acyloxy and R 4 is hydrogen or R 3 and R 4 are linked together to form a bond, and 
(i) Y is -S-, -O- or a group of the formula: 




45 wherein R 7 is hydrogen, acyl or lower alkyl which may have suitable substituent(s), and 
R 5 and R 6 are each hydrogen or lower alkyl, 

(ii) Y is as defined above, and R 5 and R 6 are linked together to form lower alkylene, or 

(iii) Y-R 5 is a heterocyclic group which may have suitable substituent(s), and R 6 is hydrogen or lower 
alkyl 

50 compounds as disclosed in EP 214,818 having the formula 



55 
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10 




and salts thereof, wherein 

is one of Ri and R 2 is hydrogen or Ci-4alkyl and the other is Ci-*alkyl or Ri and R 2 together are 
C 2 -s poly methylene; 

either R 3 is hydrogen, hydroxy, Ci-&alkoxy or Ci-7acyloxy and R* is hydrogen or R 3 and R* together 
are a bond; 

R 5 is hydrogen, Ci- 6 alkyl optionally substituted by halogen, hydroxy, Ci-&alkoxy, Ci -&aJkoxycarbonyl, 
20 carbon or amino optionally substituted by one or two independent Ci-6alkyl groups, or C2-eaikenyl, amino 
optionally substituted by a Ci- 6 alkyl or Ci- G alkenyl group or by a Ci- 6 alkanoyl group optionally substi- 
tuted by up to three halo atoms, by a phenyl group optionally substituted by Ci-ealkyl, Ci-ealkoxy or 
halogen, or aryl or heteroaryl, either being optionally substituted by one or more groups or atoms selected 
from the class of Ci -salkyl, Ci-ealkoxy. hydroxy, halogen, trifluoromethyl, nitro. cyano. Ci -i 2 carboxylic 
25 acyl, or amino or aminocarbonyl optionally substituted by one or two Ci-ealkyI groups and Re is hydrogen 
or Ci- 6 alkyl. or Rs and R& together are -CH 2 -(CH 2 ) n -Z-(CH 2 ) m - wherein m and n are 0 to 2 such that m + n 
is 1 or 2 and Z is CH 2 , O, S or NR wherein R is hydrogen, Ci- 9 alkyl, C 2 - 7 atkanoyl, phenyl Ci-*alkyl, 
naphthylcarbonyl, phenylcarbonyl or benzylcarbonyl optionally substituted in the phenyl or naphthyl ring by 
one or two of Ci -salkyl, Ci-salkoxy or halogen; mono- or bi-cyclicheteroarylcarbonyl; 
30 X is oxygen or sulphur; 

Y and Q are electron withdrawing groups; and 

the nitrogen-containing group in the 4-position being trans to the R3 group when R3 is hydroxy, 
Ci-ealkoxy or Cwacyloxy; 

compounds as disclosed in EP 359,537 having the formula 

35 




R 4 



50 wherein 

a and b together form an -O- or -CH 2 - linkage or a bond; 
either Y is N and R 2 is hydrogen; or 
Y is C-Ri ; 
wherein 

55 either one of Ri and R2 is hydrogen and the other is nitro, cyano, halo, CF3, formyl, aldoxime. CF3O, 
NO2-CH = CH-, NC-CH = CH-; 

a group R x X-wherein R x is Ci -salkyl, aryl or heteroaryl either of which may be optionally substituted by 
one, two or three of Ci-^alkyl, Ci-ialkoxy, nitro, halo, CF 3 and cyano; and X is C = 0. O.C = 0, C = 0.0, 

9 
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CHOH, SO, SOs, O.SO, O.SO2, CONH. O.CONK C = S, O.C = S, C = S.O, CH.SH, SONH, S0 2 NH, O.SONH, 
O.SO2NH, CO-CH = CH, C = NHOH, C = NNH 2 ; 

or a group R y R z NZ- wherein R y and R 2 are independently hydrogen or Ci- S alkyl and 2 is C-O, SO or 

SO2; or . ^ . 

5 Rt is a C3-8cycloalkyl group or a Ci- 6 alkyl group optionally substituted by a group which is hydroxy, 

C - 6 alkoxy, amino optionally substituted by one or two Ci- 6 alkyl groups. Ci - 7 alkanoylamino, C 3 - 8 cyc- 

loalkyloxy or C3-8cycloalkylamino; and R2 is hydrogen; or 

one of Ri and R 2 is nitro, cyano or C1 - 3 alkylcarbonyl and the other is a different group selected from 

nitro cyano, halo, Ci - 3 alkylcarbonyl, methoxy or amino optionally substituted by one or two Ci- 6 alkyl or by 
10 C2-7alkanoyl; 

either one of R 3 and R* is hydrogen or Ci -4 alky I and the other is d-4 alky I; or 
R 3 and R+ together are Ca-spolymethylene; 
either R 5 is hydrogen, hydroxy, Ci-ealkoxy or Ci-7acyloxy; and 
Re is hydrogen; or 
76 Rs and Re together are a bond; 

either R 7 is hydrogen, Ci- 6 alkyl, C 3 - 6 cycloalkyl, C 2 - 6 alkenyl or C 2 - 6 alkynyl; and 

Rs is hydrogen or Ci-ealkyl; or 

R 7 and Rs together are C 2 -4polymethylene; 

R 9 is CN, NO2, COR10 wherein R10 is Ci- 3 alkyl, NH 2 , NH(Ci - 3 alkyl), CF 3 or phenyl optionally 
20 substituted as defined for R x ; and 

the R8N(NR 9 )NHR 7 moiety is trans to the Rs group when R 5 is hydroxy, Ci- 6 alkoxy or Ci- 7 acyloxy; 
compounds as disclosed in EP 205,292 having the formula 




wherein 

one of Ri and R2 is hydrogen or Ci -4 alky I and the other is Ci -4 alky I or R1 and R2 together are 
40 C2 -5 poly methylene; 

either R 3 is hydrogen, hydroxy, Ci- 6 alkoxy or Ci- 6 acyloxy and R* is hydrogen or R 3 and FU together 
are a bond; 

R 5 is hydrogen; Ci- 6 aikyl optionally substituted by up to three halo atoms, by hydroxy, Ci-*alkoxy, 
Ci- 6 alkoxycarbonyl, carboxy, or amino optionally substituted by one or two independent Ci- 6 alkyl groups 

45 or disubstituted by C4-spolymethylene ( C2-6alkenyl; amino optionally substituted by a Ci- 6 alkyl or 
Ci- 6 alkenyl group or by a Ci- 6 alkanoyl group optionally substituted by up to three halo atoms, by a phenyl 
group optionally substituted by Ci- 6 alkyl t Ci- 6 alkoxy or halogen; or aryl or heteroaryl. either being 
optionally substituted by one or more groups or atoms selected from the class of Ci- 6 alkyl, Ci- 6 alkoxy. 
hydroxy, halogen, trifluoromethyl, nitro. cyano. Ci -i 2 carboxylic acyl or amino or aminocarbonyl optionally 

50 substituted by one or two Ci- S alkyl groups; or (when X is O). R 5 is selected from the class of carboxy. 
Ci- 6 alkoxycarbonyl or aminocarbonyl optionally substituted by one or two Ci- 6 alkyl groups; and, 
Rs is hydrogen or Ci -ealkyl; or 

R 5 and Re together are -CH 2 -(CH 2 )n-Z-(CH2)„rwher in m and n are 0 to 2 such that m + n is 1 or 2 
and 2 is CH 2 , O, S or NR wher in R is hydrogen. Ci- 8 alky.l C2-7alkanoyl, phenyl, Ci-4alkyl, naphthylcar- 
55 bonyl, phenylcarbonyl or benzyl-carbonyl optionally substituted in the phenyl or naphthyl ring by one or two 
of Ci -6 alky I, Ci- 6 alkoxy or halogen or R is heteroarylcarbonyl; 

X is oxygen or sulphur; or 

Rs, Rg, X and N together are tetrahydroisoquinolinone or tetrahydroisoquinolinthione optionally substi- 



10 

ID <EP 0575749A2 I > 



EP 0 575 749 A2 



tuted in the phenyl ring as defined for R above; 

the nitrogen-containing group in the 4-position being trans to the R3 group when R3 is hydroxy, 
C1 -*alkoxy or Ci -7 acyloxy; 

compounds as disclosed in PCT 87/00386 having the formula 



5 




20 and pharmaceutical^ acceptable salts thereof, wherein Ri is hydrogen or alkyl; R 2 is alkyl or R1 and R2 are 
polymethylene; R3 is hydrogen, hydroxy, alkoxy, acyloxy; Ri is hydrogen or R 3 and R* are a bond; R5 is 
hydrogen, optionally substituted alkyl, alkenyl, optionally substituted amino, optionally substituted aryl or 
heteroaryl, carboxy, alkoxycarbonyl or aminocarbonyl; Re is hydrogen or alkyl or Rs and Rs together are 
-CH 2 -(CH2)n-Z-(CH 2 )m-. wherein m and n are 0 to 2. m + n is 1 or 2. Z is CH 2 , O, S, NR; R is hydrogen. 

25 alkyl. alkanoyl, phenyialkyl, naphthylcarbonyl, phenylcarbonyl. benzylcarbonyl. or heteroaryl-carbonyl; X is 
O, S or R5. Rs. X and N together are tetrahydroisoquinolinone or tetrahydroisoquinolinthione; 
compounds as disclosed in EP 344.747 having the formula 

U 



30 



35 




R 1 



wherein 

R 1 and R 2 are each lower alkyl; 
45 R 3 is hydroxy or acyloxy and R* is hydrogen; or 
R 3 and R 4 are linked together to form a bond, and 
(i) Y is -S-, -O- or a group of the formula 



50 




wherein 

55 R 7 is hydrogen, acyl or lower alkyl which may have suitable substituent(s); and 

R 5 and R 6 ar each hydrogen or lower alkyl; 
(ii) Y is as d fined abov ; and 

R 5 and R 6 ar linked together to form lower alkylene; or 

11 
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10 



75 



20 



(iii) Y-R 5 is a heterocyclic group which may have suitable substituent(s); and 
R e is hydrogen or lower alkyl; 
and pharmaceuticaily acceptable salts thereof. 
In carrying out the method of the present invention, the PCA may be administered to mammalian 
species, such as monkeys, dogs, cats, rats, humans, etc., to treat ulcerative gastrointestinal conditions. In 
methods for treating inflammatory conditions, the PCA's can be administered before, during or after 
antiinflammatory drug therapy alone or in combination with such drug. 

The PCA may be administered systemically, such as orally, parenterally, intranasal^ or transdermal^ 
The PCA, alone or in combination with an antiinflammatory drug, may be incorporated in a conventional 
dosage form, such as a tablet, capsule, elixir or injectable. The above dosage forms will also include the 
necessary carrier material, excipient, lubricant, buffer, antibacterial, bulking agent (such as mannitol), anti- 
oxidants (ascorbic acid of sodium bisulfite) or the like. Oral dosage forms are preferred, although parenteral 
forms are quite satisfactory as well. 

With regard to such systemic formulations, single or divided doses of from about 5 to about 2500 mg, 
preferably from about 10 to 2000 mg/one to four times daily, may be administered in systemic dosage 
forms as described above for a period sufficient to reduce existing ulcerative conditions, or may be 
administered previous to and preferably concurrently with antiinflammatory drugs. 

With regard to combinations of the PCA with anti-inflammatory agent, single or divided doses of from 5 
to about 2500 mg of PCA, preferably 10 to 2000 mg of PCA, and from about 2 to about 2000 mg anti- 
inflammatory agent and preferably from about 5 to about 1500 mg anti-inflammatory agent, depending upon 
the type of anti-inflammatory agent employed, may be administered one to eight times daily. 

It will be appreciated that all of the anti-inflammatory drugs disclosed herein are known for treating 
inflammation and/or pain and may be employed in dosage forms and amounts as disclosed in the 
Physicians' Desk Reference. 
25 The preferred embodiments of this invention involve using compounds of the general formulae C, E, F 
or G. Compounds of formula C. E, F or G are useful in the present method where little or no 
antihypertensive action is desired. Such "selective" compounds are those potassium channel activators 
which have ICso (rat aorta) values greater than that of cromakalim. Preferably the ICso value is 10 times 
greater and more preferably 100 times greater than that of cromakalim. In other words, the preferred 
embodiments use compounds which preferably have 1/10 and more preferably 1/100 of the vasorelaxant 
activity of cromakalim. These include compounds of formula C where R 7 is (or compounds of formula E, F 
or G where R- is) aryl, especially substituted phenyl, arylalkyl, heteroaryl or heteroarylalkyl. 

"The term "ulcerative conditions of the gastrointestinal tract" as employed herein includes conditions 
such as gastric ulcers, duodenal ulcers, Crohn's disease, ulcerative colitis, irritable bowel syndrome, and 
35 inflammatory bowel disease. 

Further, in accordance with the present invention, a new combination is provided which includes a PCA 
and an anti-inflammatory drug which may be employed in a weight ratio to each other of within the range of 
from about 0.01:1 to about 100:1, and preferably from about 0.5:1 to about 2:1. 

The above combination may be employed to treat pain, joint swelling, and stiffness associated with 
40 rheumatoid arthritis or to treat diseases in the manner of known anti-inflammatory agents. 

Anti-inflammatory drugs or agents which may be employed herein include, but are not limited to, 
aspirin, indomethacin, ibuprofen, meclofenamate. naproxen, phenylbutazone, piroxicam, and various cor- 
ticosteroids including hydrocortisone, dexamethasone, and methylpredisolone. 



30 



45 Example 1 



Aspirin-Induced Gastric Erosions 

Male Sprague-Dawley rats (150-350 g) were housed separately in cages with wire mesh floors that 
so would allow fecal material to fall through. They were fasted overnight before the experiment and allowed 
free access to water. On each experiment day, the order of treatments was randomized. One hour after oral 
dosing with Vehicle (1% methyl cellulos - M0262, Sigma Chemical Co.) or the subject potassium channel 
activator (3S-trans)-N-(4-chlorophenyl)-N"-cyano-N , -(6-cyano-3.4-dihydro-3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-4-yl)guanTdine (3, 10 or 30 mg/kg), rats were dosed with aspirin (200 mg/kg, p.o.) prepared in a 
55 1% methyl cellulose vehicle. Three hours after receiving aspirin, each rat was sacrificed by C0 2 asphyx- 
iation. The stomach was removed, slit open along its greater curvature, rinsed with normal saline, and 
examined under a 2.5X magnifying lens. The gastric erosions were counted and the total area of gastric 
erosion measured. The results are illustrated in Figure 1 and Table 1 b low. The left half of Table 1 
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summarizes the measured areas of gastric erosion in the four groups of rats: vehicle (mean±SEM = 
7.57 + 0.96 mm 2 ), the subject potassium channel activator (3 mg/kg; 5.31*1.22 mm 2 ), the subject potassium 
channel activator (10 mg/kg; 4.58*0.96 mm 2 ), and the subject potassium channel activator (30 mg/kg, 
3.16*0.89 mm 2 ). The average lesion areas±SEM for vehicle and treatment groups are summarized in Figure 
5 1. The subject potassium channel activator induced reduction in gastric lesion area was statistically 
significant by analysis of variance (p = 0.022). The right half of Table 1 shows the percent protection [i.e., (- 
(7.57 - lesion area)/7.75) x 100] afforded by the subject potassium channel activator treatment compared to 
the average lesion area in the vehicle group. The dose producing a 50% reduction in aspirin-induced gastric 
lesion area (i.e., ID50) was calculated to be 17.4 mg/kg, p.o. by regression analysis. 
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1. Use of a potassium channel activator for manufacturing a medicament for preventing or treating 
ulcerative conditions of the gastrointestinal tract, in a mammalian species. 

14 
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2. The use as defined in claim 1 wherein the potassium channel activator is nicorandil, minoxidil, a 
compound of the formula 



10 



aN-CN CH 3 cH* 
ii i / 3 
nh-c-nh-ch-c-ch3 

\h 3 f 



known as pinacidil; 



75 



20 



25 



NC 




30 



35 



40 



known as cromakalim; 




45 



50 



wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others ar 
carbons; 
Ri is 



A / 8 
N 



Ro-N 



*8 



NCN 




< >n N 



NCN 



or 



55 



R2 is hydrogen, hydroxy, 
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-OCCH 3 

II 



Ra and R* are each independently hydrogen, alkyl or arylalkyl, or. R3 and FU taken together with 
the carbon atom to which they are attached form a 5-to 7-membered carbocycl.c nng; 

R 5 is selected from H, alkyl. haloalkyl. alkenyl. alkynyl. cycloalkyl. arylalkyl. cycloalkylalkyl, -CN. 
-NO2. -COR, -COOR, -CONHR. - CONR2. -CF 3 , S-alkyl. -SOalkyl. -SO z alkyl. 



O 

II 

p(O-alkyl) 



II ^> 





R 


{- 





halogen, amino, substituted amino. O-a.ky.. OCF 3 . OCH 2 CF 3 . -OCOa.ky.. -OOO^. -^COa^ 

and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl. aryl. 

arylalkyl. cycloalkyl, or (cycloalkyl)alkyl; . M Mn . 

Rs is selected from H, alkyl, OH. O-alkyl. amino, substituted am.no, CN and N0 2 
R 7 and Rs are each independently selected from hydrogen, alkyl. alkenyl. ary ('"eluding phenyl 

subsTtoted wtth R' and R" as defined below), <heterocyc.o)alkyl, heterocyc.o, arylalkyl. cycloalky and 
cyctSalky.. substituted a.ky. wherein the subs«tuents include alkoxy, 

amino, or R 7 and F* taken together with the nitrogen atom to which they are attached form - 
pyrrol dinyl. 1-piperidinyl. 1-azepinyl. 4-morpholinyl. 4-thiamorphH.nyl. 1-p.perazmyl 4-alkyl- - 
pfpe°aziny. or /arylalkyM-piperazinyl. wherein each of the so-formed groups can be subst,tuted wrth 

^Tnd^^ alkenyl. a.,, ary.a.kyl. cycloa.ky, or cyc.oa.kyl; and 

n is 1 , 2 or 3; 
with the compound 

£1 




(where FV and R» are independently hydrogen, cyano. alkyl, alkoxy, nitro, ^^^^^ 
alkylthio, amino, -Ntalkylfc, -NHalkyl or benzyloxy with the proviso that at least one of R and R is 
other than hydrogen) being preferred; 
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and its possible tautomers 



21 



R 2 



R 3 




5 



H-N-CN 
I 



R4 



and 



21 



R 3 




5 



H-N-CN 
I 

N-C=NR, 
I 

H 



R4 



wherein Ri is alkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, aryl, arylalkyl or cycloalkylalkyl; 
R 2 is -ON, -NO2, 

OO o 
II II \\ 

CRe >. — C-ORx i/ — c-amino, 

II II 

— c-substituted amino, CF3 or — S-R 1; 

Ra and R4 are each independently selected from -R2. hydrogen, alkyl. alkenyl, alkynyl, haloalkyl, 
halo, alkoxy, -NHalkyl. -N-(alkyl>2. -S-alkyl, -O-arylalkyl. -S-arylalkyl or -S-aryl, -O-aryl, - NHarylalkyl, or 
R2 and R3 taken together are a group which forms a ring with the two carbon atoms to which they are 
attached, which group is selected from 

— S - ( CH 2 ) n -CH 3 - § — CX { CH 2 ) p CH 2 - ^ — C -CH 2 ( CH 2 ) pX- ; 



wher in 

m = 1 or 2; 
n = 1-3; 
p = 0-2; 

X is O f NR&, CH 2 ; and, 
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R 5 is hydrogen or Ri ; 



10 



75 




20 



wherein A can be -CH 2 -. -0-, -NR 9 -, -S-, -SO- or -SO2-, where R 9 is hydrogen or lower alkyl of 1 to 4 
carbons; 

wherein X is oxygen or sulfur; 

Y is -NRs, -O-, -S- or 



25 



*10 
— CH-; 



Ri is aryl, arylalkyl, heterocycio or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 



30 



-OCCH3 
II 

O ; 



35 



R 3 and R* are each independently hydrogen, alkyl or arylalkyl, or, Ffe and FU taken together with 
the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



40 



II 



P(0- alkyl) : 



O 

K 



4 



)n 



45 



50 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R* is selected form H, alkyl, halo, OH, O-alkyl, amino and substituted ammo; 

R 7 and Rg are each independently selected from hydrogen, alkyl, arylalkyl; 

n is 1, 2 or 3; and, 

R10 is hydrogen, hydroxy, alkyl or O-alkyl; 



55 
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£ 




wherein a, b and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 

where X is oxygen or sulfur; 

Rt is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl; 
R2 is hydrogen, hydroxy, 



OCCH3 

11 

O ; 



R 3 and R* are each independently hydrogen, alkyl or arylalkyl, or R3 and FU taken together with 
the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

Rs is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2. -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl t -SOalkyl, -S0 2 atkyi, 



O 

H 

P (O-alkyl), 



O 



>n 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH2CF3, -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Rg is selected from H, alkyl, OH, O-alkyl, amino, substituted amino. CN and NO2; 

R 7 is selected from hydrogen, alkyl, aikenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1, 2 or 3; and, 

G 




R 4 



wherein A can be -CH 2 -. -O-. -NR 9 - t -S-, -SO- or -SO2-, where Rs is hydrogen or lower alkyl of 1 to 4 
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carbons; 

wherein X is oxygen or sulfur; 
Y is -NRs. -O-, -S- or 

— CH-; 



Rt is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R2 is hydrogen, hydroxy, 



OCCH3 

11 

O 



R 3 and R* are each independently hydrogen, alkyl or arylalkyl, or Ffe and R* taken together with 
20 the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



25 



o 

I 

P( O-alkyl);, 



O 



30 halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3) -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl or haloalkyl; 

Re is selected from H, alkyl, halo, OH, o-alkyl, amino and substituted amino, O-alkyl, OCOalkyl, 
OCONRalkyl. NRCOalkyl and NRCOOalkyl, NRCON(R) 2 wherein R in each of the above groups can be 
35 hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, (cycloalkyl)alkyl or haloalkyl; 

R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 

or R, and Rs, or R1 and R7, or R 7 and Ffe taken together can form a 5- to 7-membered saturated 
or unsaturated ring, which may further include an aryl group fused to 2 carbon atoms of such 5- to 7- 
membered ring; 
40 n is 1, 2 or 3; and. 

R 10 is hydrogen, hydroxy, alkyl or O-alkyl. 

H 



45 



50 




wherein 

R 1 and R 2 are each lower alkyl; 



20 

BNSDOCID- <EP 0575749A2 I > 



EP 0 575 749 A2 



R 3 is hydroxy or acyloxy and R* is hydrogen or R 3 and R* are linked together to form a bond, and 

(i) Y is -S-, -O- or a group of the formula: 

R 7 
I 

-N- 

wherein R 7 is hydrogen, acyl or lower alkyl which may have suitable substituent(s), and 
R 5 and R 6 are each hydrogen or lower alkyl, 

(ii) Y is as defined above, and R 5 and R 6 are linked together to form lower alkylene, or 

(iii) Y-R 5 is a heterocyclic group which may have suitable substituent(s), and R 6 is hydrogen or lower 
alkyl 

ii 

N 




and salts thereof, wherein 

one of Ri and R 2 is hydrogen or C1-4 alkyl and the other is Ci -4 alkyl or Ri and R2 together are 
C2 -5 poly methylene; 

either R 3 is hydrogen, hydroxy. Ci- s alkoxy or C1 -7 acyloxy and R4 is hydrogen or R 3 and R* 
together are a bond; 

R 5 is hydrogen. C1 -6 alkyl optionally substituted by halogen, hydroxy, Ci-salkoxy, Ci-salkox- 
ycarbonyl, carboxy or amino optionally substituted by one or two independent Ci-calkyl groups, or 
C 2 -salkenyl, amino optionally substituted by a Ci- 6 alkyl or Ci-ealkenyl group or by a Ci- 6 alkanoyl 
group optionally substituted by up to three halo atoms, by a phenyl group optionally substituted by 
C1 -5 alkyl, Ci-&alkoxy or halogen, or aryl or heteroaryl, either being optionally substituted by one or 
more groups or atoms selected from the class of Ci-ealkyl, Ci-ealkoxy, hydroxy, halogen, 
tnfluoromethyl, nitro, cyano, C1 -i2carboxylic acyl, or amino or aminocarbonyl optionally substituted by 
one or two Ci-&alkyl groups and Re is hydrogen or Ci-&alkyl, or R5 and Ffe together are -CH 2 -(CH 2 ) n - 
Z-(CH 2 ) m - wherein m and n are 0 to 2 such that m + n is 1 or 2 and Z is CH 2 , O, S or NR wherein R is 
hydrogen, Ci- 9 alkyl, C2-?alkanoyl. phenyl Ci-4alkyl, naphthylcarbonyt, phenylcarbonyl or benzylcar- 
bonyl optionally substituted in the phenyl or naphthyi ring by one or two of Ci- 6 alkyl, Ci-salkoxy or 
halogen; mono- or bi-cyclicheteroarylcarbonyl; 

X is oxygen or sulphur; 

Y and Q are electron withdrawing groups; and 

the nitrogen-containing group in the 4-position being trans to the H3 group when R3 is hydroxy, 
Ci -salkoxy or C1 -7 acyloxy; 
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NR, 

D 




wherein 

a and b together form an -O- or -CH 2 - linkage or a bond; 
either Y is N and R 2 is hydrogen; or 
Y is C-Ri ; 
wherein 

either one of Ri and R 2 is hydrogen and the other is nitro, cyano, halo, CF 3 , formyl, aldoxime, 
CF 3 0, N0 2 -CH = CH-, NC-CH = CH-; 

a group R x X-wherein R x is Ci- 6 alkyl, aryl or heteroaryl either of which may be optionally 
substituted by one. two or three of Ci-*alkyl, Ci-*alkoxy, nitro. halo, CF 3 and cyano; and X is C = 0. 
O.C = 0. C = 0.0. CHOH, SO, SO2. O.SO. O.S0 2 . CONH, O.CONH, C = S, O.C = S. C = S.O, CH.SH, 
SONH. S0 2 NH, O.SONH. O.SC^NH, CO-CH = CH, C = NHOH, C = NNH 2 ; 

or a group R y R 2 NZ- wherein R y and R 2 are independently hydrogen or Ci- 6 alkyl and Z is C-O. 

SO or S0 2 ; or . 

Rt is a Ca-scycloalkyl group or a Ci- 6 alkyl group optionally substituted by a group which is 
hydroxy, Ci- 6 alkoxy, amino optionally substituted by one or two Ci-&alkyl groups, C1 - 7 alkanoylaino, 
C3-8cycloalkyloxy or C 3 -scycloalkylamino; and R 2 is hydrogen; or 

one of R1 and R 2 is nitro. cyano or Ci- 3 alkylcarbonyl and the other is a different group selected 
from nitro cyano, halo, C1 - 3 alkylcarbonyl, methoxy or amino optionally substituted by one or two 
Ci- 6 alkyl or by C^alkanoyl; 

either one of R 3 and R* is hydrogen or Ci-*alkyl and the other is C1 -4 alky I; or 

R 3 and Ra together are C 2 -5 poly methylene; 

either R 5 is hydrogen, hydroxy, Ci-&alkoxy or Ci-7acytoxy; and 

Rg is hydrogen; or 

Rs and Re together are a bond; 

either R 7 is hydrogen, d-ealkyl, C 3 -&cycloalkyl, C 2 -ealkenyl or C 2 - 6 alkynyl; and 

Rs is hydrogen or C1 -ealkyl; or 

R 7 and Rs together are C 2 -4polymethylene; 

R 9 is CN, N0 2 , COR10 wherein R 10 is Ci- 3 alkyl, NH 2 , NH(Ci - 3 alkyl), CF 3 or phenyl optionally 
substituted as defined for R x ; and 

the RsN(NR 9 )NHR7 moiety is trans to the Rs group when R 5 is hydroxy, Ci- G alkoxy or Ci- 

- 7 acyloxy; 



057574PA2 I > 
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wherein 

one of Ri and R2 is hydrogen or Ci-4alkyl and the other is C1-4 alkyl or Ri and R2 together are 
C2 -5 polymethylene; 

either R 3 is hydrogen, hydroxy, Ci- 5 alkoxy or Ci-&acyloxy and R4 is hydrogen or R 3 and R* 
together are a bond; 

Rs is hydrogen; Ci-e alkyl optionally substituted by up to three halo atoms, by hydroxy, C1- 
- 4 alkoxy, Ci-ealkoxycarbonyl, carboxy, or amino optionally substituted by one or two independent 
d-salkyl groups or disubstituted by C*-spoly-methylene, C2-6alkenyl; amino optionally substituted by 
a C^-ealkyl or Ci-ealkenyl group or by a Ci-ealkanoyI group optionally substituted by up to three halo 
atoms, by a phenyl group optionally substituted by Ci-&alkyl. Ci-ealkoxy or halogen; or aryl or 
heteroaryl, either being optionally substituted by one or more groups or atoms selected from the class 
of C1-6 alkyl, Ci-Galkoxy, hydroxy, halogen, trifluoromethyl, nitro, cyano, C1 -12 carboxy lie acyl or amino 
or aminocarbonyl optionally substituted by one or two Ci-&alkyl groups; or (when X is O). R5 is 
selected from the class of carboxy, Ci-ealkoxycarbonyl or aminocarbonyl optionally substituted by one 
or two C1 -e alkyl groups; and, 

Rs is hydrogen or C1 -e alkyl; or 

R 5 and Re together are ^H 2 -(CH 2 ) n -Z-(CH 2 ) m -wherein m and n are 0 to 2 such that m + n is 1 or 
2 and Z is CH 2 , O, S or NR wherein R is hydrogen, Ci-8alkyl, C2-7alkanoyl, phenyl, Ct-*alkyl, 
naphthylcarbonyl, phenyicarbonyl or benzyl-carbonyl optionally substituted in the phenyl or naphthyl 
ring by one or two of Ci-$alkyl, Ci-saikoxy or halogen or R is heteroarylcarbonyl; 

X is oxygen or sulphur; or 

R 5 , Rs, X and N together are tetrahydroisoquinolinone or tetrahydroisoquinolinthione optionally 
substituted in the phenyl ring as defined for R above; 

the nitrogen-containing group in the 4-position being trans to the R3 group when R3 is hydroxy, 
Ci-4alkoxy or Cwacyloxy; 

a 




and pharmaceutical^ acceptable salts thereof, wherein Ri is hydrogen or alkyl; R2 is alkyl or Ri and 
R 2 are polymethylene; R 3 is hydrogen, hydroxy, alkoxy, acyloxy; R* is hydrogen or R 3 and R4 are a 
bond; R5 is hydrogen, optionally substituted alkyl, alk nyl, optionally substituted amino, optionally 
substituted aryl or h teroaryl, carboxy, alkoxycarbonyl or aminocarbonyl; Re is hydrogen or alkyl or R5 
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and together are -CH 2 -(CH2)n-Z-(CH 2 ) m -,wherein m and n are 0 to 2, m + n is 1 or 2, Z is CH 2 , O. 
S NR R is hydrogen, alkyl, alkanoyl, phenyl-alkyl, naphthylcarbonyl. phenylcarbonyl, benzylcarbonyl, 
or heteroaryl-carbonyl; X is O, S or R 5 , Rg. X and N together are tetrahydroisoquinolinone or 
tetrahydroisoquinolin-thione; 



10 



is 



NCN 




20 wherein 

R 1 and R 2 are each lower alkyl; 
R 3 is hydroxy or acyloxy and R 4 is hydrogen; or 
R 3 and R 4 are linked together to form a bond, and 
(i) Y is -S-. -O- or a group of the formula 



25 



30 



40 



R 7 
I 

-N- 



wherein 

R 7 is hydrogen, acyl or lower alkyt which may have suitable substituent(s); and 
R 5 and R 6 are each hydrogen or lower alkyl; 

(ii) Y is as defined above; and 

35 R5 and R 6 are linked together to form lower alkylene; or 

(iii) Y-R 5 is a heterocyclic group which may have suitable substituent(s); and 
R & is hydrogen or lower alkyl; 

and pharmaceutical^ acceptable salts thereof. 



The use of claim 1 wherein the potassium channel activator has little or no vasorelaxant activity in 
normal tissue. 



4 The use of claim 3 wherein said potassium channel activator is selected from C where R 7 is aryl, 
arylalkyl, heteroaryl and heteroaryl(alkyl), E, F or G where Ri is aryl, arylalkyl, heteroaryl or heteroaryl- 
45 (alkyl). 

5. The use of claim 4 wherein the aryl group for R 7 in C or Ri in E, F or G is substituted phenyl. 
6- The use of claim 5 wherein the potassium channel activator is 

50 



55 
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£1 



10 




15 



(where R f and FT are independently hydrogen, cyano, alkyl, alkoxy, nitro, hydroxy, halo, haloalkyl, 
alkylthio, amino, -N(alkyl) 2 , -NHalkyl or benzyloxy with the proviso that at least one of FT and R" is 
other than hydrogen) being preferred; 

20 7. The use of claim 6 wherein the potassium channel activator is 



25 



30 



NCN 




35 



40 



45 



50 



55 



8. The use of claim 1 wherein said ulcerative condition of the gastrointestinal tract is induced by th 
administration of one or more antiinflammatory drugs. 

9. The use of claim 8 wherein said medicament is for use concurrently with the antiinflammatory drug. 

10. The use of claim 9 wherein said medicament and said antiinflammatory drug are provided by a single, 
combination dosage form. 

11. Use of a potassium channel activator receptor antagonist for manufacturing a medicament for use 
concurrently with a therapeutically effective amount of an anti-inflammatory agent for preventing or 
treating an inflammatory condition without causing gastrointestinal ulcers, in a mammalian species. 

12. The use of claim 11 wherein said potassium channel activator is nicorandil. minoxidil, a compound of 
the formula 



A 



aN-CN CH 3 CHn 
n i / 3 
NH-C-NH-CH-OCH3 



25 
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known as pinacidil; 
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w 



NC 




PH 



75 



known as cromakalim; 



20 



25 




30 



wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO and the others are 
carbons; 
Ri is 



35 



40 



R 9 -N 



Rio- 



NCN 



or 



R 2 is hydrogen, hydroxy, 



^8 



■ N, 



hs N 



NCN 



45 



OCCH3 



II 



50 R 3 and FU are each independently hydrogen, alkyl or arylalkyl, or, Ra and R* taken together with 

the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl t alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -SOaalkyl, 



55 
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O 

I! 

P (O-alkyl)-, 



o 



V 



-R 



)n 



halogen, amino, substituted amino. O-alkyl, OCF 5 , OCH 2 CF 3l -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Re is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and NO2; 

R 7 and Rs are each independently selected from hydrogen, alkyl, alkenyl, aryl (including phenyl 
substituted with R' and R" as defined below), (heterocyclo)alkyl, heterocyclo, arylalkyl, cycloalkyl and 
(cycloalkyl)alkyl, substituted alkyl wherein the substituents include alkoxy, alkylthio and substituted 
amino, or R? and Rs taken together with the nitrogen atom to which they are attached form 1- 
pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorphilinyl, 1-piperazinyl, 4-alkyl-1- 
piperazinyl or 4-arylalky I- 1-piperazinyl, wherein each of the so-formed groups can be substituted with 
alkyl, alkoxy, alkylthio, halogen or trifluoromethyl; 

R 9 and R10 are selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkyl; and 

n is 1, 2 or 3; 

with the compound 

£1 




(where R 1 and R" are independently hydrogen, cyano, alkyl, alkoxy, nitro, hydroxy, halo, haloalkyl, 
alkylthio, amino, -N(alkyl)2, -NHalkyl or benzyloxy with the proviso that at least one of R' and R" is 
other than hydrogen) being preferred; 




and its possible tautomers 
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10 



and 



£1 



R 2 



R3 




o 



R 4 



H-N-CN 
I 

N=C-NHR X 



75 



20 



25 



R2 



R3 




R4 



H-N-CK 
N-C=NRi 



wherein R, is alkyl. alkenyl. alkynyl, haloalkyl, cycloalkyl. aryl. arylalkyl or cycloalkylalkyl; 
R 2 is -f>N, -NOs. 



30 



o o o 

II II . II 



35 



40 



45 



8 I'' 

-"-substituted amino. CF 3 or s_R i ; 

Rs and R* are each independently selected from -R 2 , hydrogen, alkyl. alkenyl. alkynyl. haloalkyl, 
halo, alkoxy. -NHalkyl. -N-(alky»2 . -S-alkyl. -O-arylalkyl, -S-arylalkyl or -S-aryl, -O-aryl. - NHarylalkyl. or 
R 2 and R 3 taken together are a group which forms a ring with the two carbon atoms to which they are 
attached, which group is selected from 

( 8 } - 8 « 

-S-(CH,) n -CH,-, -5x<CH 2 ) p CH 2 -, -C-CH^JpX-,. 



wherein 

m = 1 or 2; 
so n = 1-3; 

p = 0-2; 

X is O, NRs, CH 2 ; and, 
R 5 is hydrogen or Ri ; 
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70 




wherein A can be -CH 2 -, -0-, -NR 9 -, -S-, -SO- or -S0 2 -, where Rs is hydrogen or lower aikyl of 1 to 4 
75 carbons; 

wherein X is oxygen or sulfur; 
Y is -NRs , -O-, -S- or 



20 



Mo 



— CH-; 



25 



Ri is aryl, aryialkyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 



30 



■OCCH 3 
II 



35 



R 3 and FU are each independently hydrogen, alkyl or aryialkyl, or, R 3 and R4 taken together with 
the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected form H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl. aryialkyl, cycloalkylalkyl, -CN. 
-NQ2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3t S-alkyl, -SOalkyl, -SCfealkyl, 



40 



II 



P(O-alkyl); 



O 



halogen, amino, substituted amino, 0-alkyl t OCF 3 , OCH2CF3, -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl. aryl, 
45 aryialkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Rg is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 

R7 and Rs are each independently selected from hydrogen, alkyl, aryialkyl; 

n is 1, 2 or 3; and. 

Rio is hydrogen, hydroxy, alkyl or O-alkyl; 



55 
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15 



wherein a, b and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 

where X is oxygen or sulfur; 

R, is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl; 
R 2 is hydrogen, hydroxy, 



20 



-OCCH3 

II 

O 



25 



30 



35 



40 



R 3 and FU are each inaependently hydrogen, alkyl or arylalkyl, or Fb and FU taken together with 
the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR. -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



O 

K 

P (O-alkyl) 2 , O- 



-R 



)n 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

FU is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN and N0 2 ; 

R 7 is selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1 , 2 or 3; and, 



45 



50 



55 




wher in A can be -CH 2 -. -0-. -NR 9 -, -S-, -SO- or -SO2-, where R 9 is hydrogen or lower alkyl of 1 to 4 
carbons; 
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wherein X is oxygen or sulfur; 
Y is -NRs, -O-, -S- or 



J10 

— CH-; 

Ri is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 



OCCH 3 



11 



R 3 and R* are each independently hydrogen, alkyl or arylalkyl, or R 3 and FU taken together with 
the carbon atom to which they are attached form a 5-to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl haloalkyl, alkenyl, alkynyl, cyctoalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



O 

K 



P (O-alkyl )-» o 1 



), 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyi, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl or haloalkyl; 

Re is selected from H, alkyl, halo, OH, o-alkyl, amino and substituted amino, O-alkyl, OCOalkyi, 
OCONRalkyl, NRCOaJkyl and NRCOOalkyl, NRCON(R) 2 wherein R in each of the above groups can be 
hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, (cycloalkyl)alkyl or haloalkyl; 

R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 

or R1 and R8 , or R1 and R7 , or R7 and Rs taken together can form a 5- to 7-membered saturated 
or unsaturated ring, which may further include an aryl group fused to 2 carbon atoms of such 5- to 7- 
membered ring; 

n is 1, 2 or 3; and, 

Rio is hydrogen, hydroxy, alkyl or O-alkyl. 




wherein 

R 1 and R 2 are ach lower alkyl; 

R3 i S hydroxy or acyloxy and R 4 is hydrogen or R 3 and R 4 are linked together to form a bond, and 
(i) Y is -S-, -O- or a group of th formula: 
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R 7 
I 

-N- 



wherein R 7 is hydrogen, acyl or lower alkyl which may have suitable substituent(s), and 
R 5 and R 6 are each hydrogen or lower alkyl, 

(ii) Y is as defined above, and R 5 and R 6 are: linked together to form lower alkylene, or 

(iii) Y-R 5 is a heterocyclic group which may have suitable substituent(s), and R 6 is hydrogen or lower 
alkyl 




25 and salts thereof, wherein 

one of R, and R 2 is hydrogen or C, -.alkyl and the other is C,-*alkyl or R, and R 2 together are 

C2-spolymethylene; D 
either Rs is hydrogen, hydroxy, Ci- 6 alkoxy or Cwacyloxy and FU is hydrogen or R 3 and R* 

together are a bond; 

R 5 is hydrogen, C,- 6 alkyl optionally substituted by halogen, hydroxy, C,- 6 alkoxy, Ci- 6 alkox- 
ycarbonyl, carboxy or amino optionally substituted by one or two independent Ci- 6 alkyl groups, or 
Ca-salkenyl, amino optionally substituted by a Ci- G alkyl or C,- 6 alkenyl group or by a C,- 6 alkanoyl 
qroup optionally substituted by up to three halo atoms, by a phenyl group optionally substrtuted by 
Ci- 6 alkyl C,- 6 alkoxy or halogen, or aryl or heteroaryl. either being optionally substituted by one or 
more groups or atoms selected from the class of C,- S alkyl, Ci- G alkoxy, hydroxy, halogen, 
trifluoromethyl, nitro, cyano, C,- 12 carboxylic acyl, or amino or aminocarbonyl optionally substrtuted by 
one or two d- 6 alkyl groups and R* is hydrogen or Ci- 6 alkyl, or R 5 and Re together are -CH 2 -(CH 2 ) n - 
Z-(CH 2 ) m - wherein m and n are 0 to 2 such that m - n is 1 or 2 and Z is CH 2 , O, S or NR wherein R is 
hydrogen. Ci- 9 alkyl, Cwalkanoyl. phenyl Ci -alkyl. naphthylcarbonyl, phenylcarbonyl or benzylcar- 
bonyl optionally substituted in the phenyl or naphthyl ring by one or two of C,- 6 alkyl, Ci- 6 alkoxy or 
halogen; mono- or bi-cyclicheteroarylcarbonyl; 
X is oxygen or sulphur; 
Y and Q are electron withdrawing groups; and 

the nitrogen-containing group in the 4-position being trans to the R 3 group when R 3 is hydroxy. 
45 Ci -s alkoxy or Ci - 7 acyloxy; 
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NRq 

ii 




wherein 

a and b together form an -O- or -CH 2 - linkage or a bond; 
either Y is N and R2 is hydrogen; or 
Y is C-R1 ; 
wherein 

either one of R1 and R 2 is hydrogen and the other is nitro, cyano, halo, CF 3 , formyl, aldoxime, 
CF3O, NO2-CH = CH-, NC-CH = CH-; 

a group R K X-wherein R x is Ci- 6 alkyl, aryl or heteroaryl either of which may be optionally 
substituted by one, two or three of Ci-*alkyl. Ci-*alkoxy, nitro. halo, CF 3 and cyano; and X is C = 0. 
O.C = 0. C = 0.0. CHOH, SO, SO2, O.SO, O.SO2. CONH, O.CONH. C = S. O.C = S, C = S.O, CH.SH, 
SONH, SO2NH. O.SONH. O.SOjNH, CO-OH = CH, C = NHOH, C = NNH 2 ; 

or a group R y R 2 NZ- wherein R y and R 2 are independently hydrogen or Ci- 6 alkyl and Z is C-O, 
SO or S0 2 ; or 

R1 is a C 3 - 8 acycloalkyl group or a Ci- 6 alkyl group optionally substituted by a group which is 
hydroxy, Ci- 6 alkoxy, amino optionally substituted by one or two Ci-ealkyl groups, Ci - 7 alkanoylaino, 
C3-8cycloalkyloxy or C3-scyctoalkylamino; and R 2 is hydrogen; or 

one of Ri and R 2 is nitro, cyano or Ci - 3 alkylcarbonyl and the other is a different group selected 
from nitro cyano, halo, Ci - 3 alkylcarbonyl, methoxy or amino optionally substituted by one or two 
Ci -salkyl or by Cwalkanoyl; 

either one of R 3 and R* is hydrogen or Ci -4 alky I and the other is Ci -4 alky I; or 

R 3 and R4 together are C 2 -5 poly methylene; 

either R5 is hydrogen, hydroxy, Ci-ealkoxy or Ci-?acyloxy; and 

Rg is hydrogen; or 

R5 and Rs together are a bond; 

either R 7 is hydrogen, Ci-ealkyl, C 3 -6Cycloalkyl, C 2 -6alkenyl or C 2 - 6 alkynyl; and 

Rs is hydrogen or Ci-ealkyl; or 

R 7 and Rs together are C 2 -* poly methylene; 

R 9 is CN, N02, COR10 wherein R10 is Ci-aalkyl, NH 2 , NH(Ci - 3 alkyl), CF 3 or phenyl optionally 
substituted as defined for R x ; and 

the R8N(NR 9 )NHR 7 moiety is trans to the Rs group when R 5 is hydroxy, Ci- 6 alkoxy or C1- 
- 7 acyloxy; 
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WhS ^e of R, and R 2 is hydrogen or C,-alkyl and the other is C,-*a.kyl or R, and R 2 together are 

^"^Trhydrogen, hydroxy, C-.a.koxy or C,- 6 acy,oxy and R, is hydrogen or R 3 and R* 

^Tis'hydro^e'n; C,- 6 a.ky. optiona.ly substituted by up to three ha.o atoms, by hydroxy C 
t a.koxy cf-SoxycarbonyT carboxy, or amino optional.y substituted by one or two -dependent 
C 6 a.kyl gnoups or ^substituted by C 4 - 5 po.ymethy.ene. C^alkenyl; amino opfonally subsMute I by 
aV alkyl or & -salkenyl group or by a C, - 6 alkanoyl group optionally substrtuted by up to three halo 
atoms bT phenyl group opSona.ly substituted by C-salkyl. Cl - 6 alkoxy or halogen; or ary or 
neteroaif either b ng opLa.ly substituted by one or more groups or atoms selected from the class 
ofc -Syt C,- 6 a.koxy hydroxy, halogen, trif.uoromethyl. nitre, cyano. C, - 12 carboxy.,c : acyl or am,no 
or amnocarbonyl optionally substituted by one or two C-salkyl groups; or (wh en^ X s O). Ffe 
selected from the class of carboxy. C, - 6 a.koxycarbonyl or aminocarbony. opfonal.y substituted by one 
or two Ci-ealkyl groups; and, 

R 5 - and n are 0 to 2 such that m ♦ n is J or 

2 and Z is CH 2 O S or NR wherein R is hydrogen. C-salkyl. C^alkanoyl. phenyl. C,-*alkyl 
napmhy^arbonyt phenylcarbony. or benzyl-carbonyl optionally substituted in the phenyl or naphthyl 
ring by one or two of Ci- 6 alkyl. C-salkoxy or halogen or R is heteroarylcarbonyl; 

Rs S Z^artTtogler are tetrahydroisoquino.inone or tetrahydroisoquinolinthione optionally 

substituted in the phenyl ring as defined for R above; hvHrftyv 
the nitrogen-containing group in the 4-position being trans to the R 3 group when R 3 is hydroxy, 

Ci -*alkoxy or Cwacyloxy; 
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50 
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and pharmaceutical acceptable salts thereof, wherein Ri is hydrogen or alky. I * J 8 ^" 

R, are oolymethylene; Ra is hydrogen, hydroxy, alkoxy. acyloxy; R* .s hydrogen or R 3 and Ra are a 

^nS Hs hydrogen, optionally substituted alkyl. a.kenyl. optionally substituted ammo, opt.ona.ly 
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substituted aryi or heteroaryl, carboxy, alkoxycarbonyl or aminocarbonyl; Rs is hydrogen or alkyl or R 5 
and FU together are -CH2-(CH 2 )n-Z-(CH 2 ) m -,wherein m and n are 0 to 2, m + n is 1 or 2, Z is CH 2 , O, 
S, NR; R is hydrogen, alkyl, alkanoyl, phenyl-alkyl, naphthylcarbonyl, phenylcarbonyl, benzylcarbonyl, 
or heteroaryl-carbonyl; X is O, S or Rs, Re, X and N together are tetrahydroisoquinolinone or 
tetrahydroisoquinolin-thione; 

u 




R 1 



wherein 

R 1 and R 2 are each lower alkyl; 

R 3 is hydroxy or acyloxy and R 4 is hydrogen; or 

R 3 and R 4 are linked together to form a bond, and 

(i) Y is -S-, -O- or a group of the formula 

R 7 
I 

-N- 

wherein 

R 7 is hydrogen, acyl or lower alkyl which may have suitable substituent(s); and 
R 5 and R 6 are each hydrogen or lower alkyl; 

(ii) Y is as defined above; and 

R 5 and R 6 are linked together to form lower alkylene; or 

(iii) Y-R 5 is a heterocyclic group which may have suitable substituent(s); and 
R 6 is hydrogen or lower alkyl; 

and pharmaceutical^ acceptable salts thereof. 

13. The use of claim 11 wherein the potassium channel activator has little or no vasorelaxant activity in 
normal tissue. 

14. The use of claim 11 wherein said potassium channel activator is selected from C where R7 is aryl, 
arylalkyl, heteroaryl and heteroaryl(alkyl), E, F or G where R1 is aryl, arylalkyl, heteroaryl or heteroaryl- 
(alkyl). 

15. The use of claim 11 wherein the aryl group for R 7 in C or R1 in E, F or G is substituted phenyl. 

16. The use of claim 11 wherein the potassium channel activator is 
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15 



£1 




CH3 



where R' and R" are independently hydrogen, cyano, alky I. alkoxy, nitro, hydroxy, halo, haloalkyl, 
alkylthio, amino, -N(alkyl)2, -NHalkyl or benzyloxy with the proviso that at least one of R and R is 
other than hydrogen. 



17. The use of claim 11 wherein the potassium channel activator is 
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30 
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18. A pharmaceutical composition comprising an anti-ulcer amount of a potassium channel activator and an 
effective amount of an anti-inflammatory drug. 
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LACK OF UNITY OF INVENTION 



ant rttttn to mvtiI mwneoiv or groups of tnntnot*. 

1. Claims 1-3 (partially) and 8 as far as nicorandil 
is concerned - 

2. Claims 1-3 (partially) and 8 as far as minoxidil is 
concerned. 

3. Claims 1-3 (partially) and 8 as far as pinacidil is 
concerned. 

4. Claims 1-3 (partially) and 8 as far as cromakalim is 
concerned. 

5- Claims 1-3 (partially) and 4-8 as far as the compounds 
of formula C are concerned. 

6. Claims 1-3 (partially) and 8 as far as the compounds 
of formula D are concerned. 

7. Claims 1-3 (partially) and 5,8 as far as the com- 
pounds of formula E are concerned. 

8. Claims 1-3 (partially) and 5,8 as far as the com- 
pounds of formula F are concerned. 

9. Claims 1-3 (partially) and 5,8 as far as the com- 
pounds of formula. G are concerned. 

10. Claims 1-3 (partially) and 8 as far as the compounds 
of formula H are concerned. 

11. Claims 1-3 (partially) and 8 as far as the compounds 
of formula J are concerned. 

12. Claims 1-3 (partially) and 8 as far as the compounds 
of formula K are concerned. 

13. Claims 1-3 (partially) and 8 as far as the compounds 
of formula L are concerned. 

14. Claims 1-3 (partially) and 8 as far as the compounds 
of formula M are concerned. 

15. Claims 9-18 
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i lack of unity of invention 



Qtu 



i T# raQttfOTMM o* um«y of 



The common concept linking the inventions nos. 1-15 seems 
to rely in the fact, that all the compounds are potassium 
channel activators and are effective in the treatment of 
the same diseases. As it is known from the documents listed 
in the search report that potassium channel activators are 
effective in the treatment of gastrointestinal disorders 
such as peptic ulcers or iiritable bowel syndrome, this 
common concept is not novel. 
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